Summary. In previous studies it was found that renal cortical slices from rats with induced metabolic acidosis have an increased capacity to produce glucose, whereas cortical slices from rats with metabolic alkalosis manifest decreased gluconeogenesis. To evaluate the relative influence of extracellular fluid pH, [HCO3-], and carbon dioxide tension on renal gluconeogenesis, we observed glucose production by cortex from rats with induced respiratory acidosis, and by cortex taken from normal animals and incubated in acid and alkaline media.
Introduction
Recent studies have demonstrated that renal cortical slices from rats with induced metabolic aci-* Submitted for publication November Effect of changing Pco2. The influence of changes in pH in vitro, produced by varying Pco2, was studied by incubating slices in flasks containing the standard media ([HCOi-] 24 mM) that had been flushed with a gas mixture containing 10%o (acidotic), 5%o (control), or 2io C02 (alkalotic) before incubation. All gas mixtures also contained 80%o 02 with the balance being N2.
Slices from the same pool were also incubated in media in which a similar degree of acidity or alkalinity had been produced by varying the [HC03-O while keeping the [H2C03] constant as described in the preceding section.
All flasks contained 10 mM a-ketoglutarate as substrate. pH determinations of the media were made on samples obtained anaerobically 10 to 20 minutes before the end of incubation.
Isohydric studies
Studies were performed in which the effect of changes in Pco2 and [HCO3S-on renal gluconeogenesis was determined, independent of variations in pH. Slices were incubated in five different media in which pH was held constant at 7.4, while Pco2 and [HCOi-I were proportionally varied over a wide range (see Figure 1 ). All flasks contained 10 mM a-ketoglutarate as substrate. Media pH was determined before incubation and 10 to 20 minutes before the end of an incubation. The average of 
Results
In vivo respiratory acidosis
The effect of in vivo respiratory acidosis on renal glucose production from a-ketoglutarate in vitro is summarized in Table I . Slices from animals with respiratory acidosis were found to produce significantly more glucose than slices from animals without respiratory acidosis. This was observed in both intact and adrenalectomized animals.
In vitro studies Effect of changing bicarbonate concentration. Discussion In previous studies renal cortex from rats with metabolic acidosis was found to have an increased capacity for glucose production. The present experiments demonstrate that this is also true for cortex from animals with respiratory acidosis, indicating that pH per se, rather than [HCO3-] or Pco2, is the most important acid-base variable of ECF affecting renal gluconeogenesis. The mechanism by which in vivo changes in ECF pH influence renal gluconeogenesis was not determined in these studies. Since changes in circulating hormones, plasma substrate concentrations, renal cortical blood flow, or other physiological variables may take place when extracellular pH is modified in Zvvo, the observed change in renal gluconeogenesis may be only indirectly related to pH. The effect of respiratory acidosis is not mediated through changes in adrenal cortical activity, since it is also demonstrable in adrenalectomized animals.
The changes in renal glucose production found when ECF pH was acutely varied in vitro were qualitatively similar to those. noted during in tivo acidosis or alkalosis. The results of the in vitro experiments suggest a direct effect of acid-base status on renal gluconeogenesis. Since in vitro changes in ECF pH produced by varying [HCO3-j and in vitro changes in ECF pH produced by varying Pco2 have similar effects on renal gluconeogenesis, these studies also suggest that ECF pH per se, rather than [HCO3-1 or Pco9, is the im-portant acid-base variable controlling renal glucose production.
The observation that renal cortical slices from acidotic animals produce more glucose from glutamine, glutamate, a-ketoglutarate, and oxalacetate than do slices from control animals (3) suggests that there is increased activity of one of the potentially rate-limiting reactions between oxalacetate and glucose. The mechanism of the presumed enhancement in enzyme activity is difficult to establish when ECF pH is varied in sivo. The enhanced deamidation and transamination of glutamine during acidosis in vsivo (4-6) generate increased gluconeogenic substrate in the form of glutamate and a-ketoglutarate. This increase in glutamate and a-ketoglutarate might then, by sequential substrate induction, increase the activity of enzymatic reactions farther along the pathway to glucose. However, increased degradation of glutamine cannot be invoked to explain the results of our in vitro studies, in which glucose production from oxalacetate was increased when slices from normal animals were incubated in acidotic media in the absence of glutamine. These in itro studies suggest that the enhanced renal gluconeogenesis in acidosis is due to direct stimulation of one of the enzymatic steps between oxalacetate and glucose, rather than to substrate induction of gluconeogenic enzymes secondary to increased degradation of glutamine.
An increase in enzyme activity may be due either to enhanced enzyme synthesis or to increased activation of existing enzyme. The enhanced activation of existing enzyme could be the result of increased conversion of inactive enzyme to an active form or of changes in the concentration of activators, cofactors, or inhibitors of the reaction. The present studies do not indicate whether the enhanced gluconeogenic capacity of renal cortex from acidotic animals is due to increased in vivo synthesis of a rate-limiting gluconeogenic enzyme, or to in vivo activation of existing enzyme. Neither is it known whether the increased glucose production by normal renal cortex incubated in acidotic media is due to enhanced in vitro enzyme synthesis or to in vitro activation of existing enzyme. It is possible that the stimulatory effect of in vivo acidosis on renal gluconeogenesis, which is not evident until the animal has been acidotic for more than 12 hours (3), is due to a gradual increase in enzyme synthesis; whereas the stimulatory effect of in vitro acidosis on renal gluconeogenesis, which is evident during a 2-hour incubation in acidotic medium, is due to rapid activation of previously existing enzyme.
Although The present experiments demonstrate that renal gluconeogenesis is stimulated by respiratory as well as metabolic acidosis. It has been suggested that the increase in renal ammonium production known to occur during metabolic acidosis may be secondary to enhanced renal gluconeogenesis (3) . Although the effects of respiratory acidosis on renal ammonium production are less well established, the studies of Aber and co-workers in man (7, 8) and Schwartz, Brackett, and Cohen in the dog (9) , which demonstrate increased ammonium excretion during acute or chronic hypercapnia, are consistent with the hypothesis of an integral relation between renal gluconeogenesis and renal ammonia production in respiratory as well as metabolic acidosis. The recent demonstration by Aber, Morris, and Housley (10) of a correlation between in vivo renal glucose production and the bidirectional release of ammonium by the kidney in patients with chronic pulmonary disease lends further support to this hypothesis. The effect of hypercapnia on ammonium excretion in the rat was studied by Carter, Seldin, and Teng (11), who noted a significant increase in ammonium excretion during the first 2 days of hypercapnia. Thus, our in vivo studies, performed after 48 hours of hypercapnia, presumably were done with renal cortical slices from rats with enhanced ammonium excretion. Carter and his associates also noted a much smaller increase in ammonium excretion during respiratory acidosis as compared with metabolic acidosis, an observation consistent with the present in vitro studies in which reduction of pH by lowering media [HCO,-] regularly caused a greater stimulation of renal gluconeogenesis than did an equivalent reduction of pH achieved by raising Pco2.
